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Abstract
A 9.2- kilometers long seismic section is compiled from 5 seismic reflection profiles acquired along
the Yamato River, Osaka, Japan. The seismic profiles were acquired across the Uemachi fault and the
Suminoe flexure to explore the subsurface geology in this area. The seismic profiles were recorded over
a long period using different seismic sources, recording systems and acquisition parameters.
Unconventional data processing routine was applied to the data in order to minimize the differences in
frequency envelopes and seismic amplitudes among the different profiles. Noise-reduction processing
techniques such as iterative velocity analyses, f-k filtering and optimum -offset weighted stacking were
effective in enhancing the signal-to-noise ratio in the compiled seismic section. The location and the
subsurface geometry of the Uemachi fault and the Suminoe flexure are well imaged on the seismic depth
section. Moreover, major subsurface stratigraphic units could be interpreted by correlating the seismic
section to the drilling data along the Yamato River.
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1. Introduction
For a long time, seismic applications were pre-
dominantly hydrocarbon exploration and research on
deep crustal structures. During the past two decades,
however, shallow seismic investigations have been
increasingly applied to engineering and environmental
research projects. In Kansai area, Japan, national inter-
ests further triggered the boom of shallow seismic inves-
tigations. In the winter of 1995, the Hyogoken-Nambu
Earthquake struck Kobe- Hanshin area and Awaji Island
with a magnitude of 7.2 leaving more than 5000 people
dead, and causing tremendous damage to buildings and
other civil facilities in the area. This earthquake
occurred along a shallow acti ve fault, which raised the
need for shallow seismic exploration as a precise imag-
ing tool for shallow subsurface structures in general.
Since the occurrence of the 1995 Hyogoken - Nambu
Earthquake, shallow seismic surveying has been increas-
ingly used in Kansai area to investigate shallow struc-
tures, especially active faults. During the past decade
or so, hundreds of kilometers of seismic lines have been
acquired in the Osaka Basin and the surrounding areas
to study shallow active faults and their relationships to
possible future earthquakes.
This study presents the experience of compiling 5
seismic profiles acquired along the Yamato River into
a 9.2-km (kilo-meters) long seismic section. The
Yamato River runs from east to west in the central part
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of the Osaka Basin, representing the border between
Osaka City and Sakai City. The Osaka Basin is situ-
ated at the middle of Setouchi depression zone of south-
west Japan (Ikebe and Ichikawa, 1967). The basin is
oval in shape, filled with Upper Cenozoic sediments and
surrounded by mountainous areas composed of Pre-
Cenozoic rocks. Geomorphologically, the basin is
di vided into hilly areas, terrace -like uplands, alluvial
plains, and the submerged bottom of Osaka Bay.
Pliocene- Pleistocene sediments are well exposed in
hilly areas while drilling data have shown that thicker
layers of these sediments exist below the lowland areas
(Ikebe and Takenaka, 1969).
In the Yamato River area, the top layer is the allu-
vial layer that is composed mainly of unconsolidated
marine clay, sand and sandy gravel. The alluvial
deposits are underlain by the Middle and Late
Pleistocene terrace deposi ts, which are distinguished
into three major units, known as higher, middle and
lower terraces. These deposits consist of alternating
beds of marine clay with sand and non - marine clay,
sand and gravel. The terrace deposits overlie the very
thick diluvial deposits of Osaka Group that is divided
into three major sub-groups; the upper, the middle and
the lower subgroup. The upper and middle subgroups
belong to the middle and early Pleistocene, respecti vely,
40'
and composed mainly of alternating marine clay with
sand and non - marine clay, sand and sandy gravel lay-
ers. The lower subgroup belongs to the Pliocene and
composed of alternative non- marine clay, sand and
gravel. In Osaka Basin, marine clay layers (Ma) that
were deposited in marine environment during the inter-
glacial period of Quaternary have been named as Ma13,
Ma12, Mall - Ma-l from top to bottom. Mal3 cor-
responds to a marine clay deposit in Holocene.
The Cretaceous basement complex, composed
mainly of granitic rocks, unconformably underlies
Osaka Group (Huzita and Kasama, 1983). In west
Osaka, near the harbor of Osaka, the depth to the sur-
face of the basement is estimated to be about 1500 m
below sea level based on seismic reflection and drilling
data (Ikebe and Takenaka, 1969).
Structurally, the Osaka Basin is classified as a typ-
ical strike - slip basin that was formed in transform -mar-
gin settings. This basin was originated as a Neogene
depositional basin in the Mid - Miocene to the Early
Pliocene and was associated with strike-slip deforma-
tion (Moslem, 2003).
The seismic lines of the present study were
acquired across the well-known Uemachi fault and the
Suminoe flexure (Fig. 1). The Uemachi fault is a
reverse fault that strikes almost N -S and steeply dips
Fig. 1 General geological map of Osaka Basin (Simplified after Nakagawa et at., 1996).
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to the east direction. Seismic reflection exploration and
deep drillings showed that the vertical displacement of
the basement rocks by this fault is about 800 III
(Nakagawa and Mitamura, 1992).
Suminoe flexure runs NE-SW from Tamade, in the
northeast where the flexure joins the Uemachi fault to
Hirabayashi in the southwe 1. Along the flexure, the
marine clay layer Ma 12 dips to the northwest direc-
tion. The vertical displacement of this layer is more
than 25 m in the northern part of the flexure and
increases southward to reach about 50 meters in the
Hirabayashi area (Mitamura et al., 1994).
2. Data acquisition
Five seismic lines were acquired along Yamato
River and across the Uemachi fault and the Sun1inoe
flexure. These seismic lines, nan1ely, Yama-1, -2, -3,
-4, and - 5, were recorded over a long period using dif-
ferent seismic sources, receivers, recording systems and
recording parameters. Line Yama-1 is 4.3-kn110ng and
starts about 2.5 km east of the coa tline of Osaka Bay
(Fig. 2). In contradistinction with other lines acquired
on the northern riverbank, line Yama - 1 is acquired on
the southern bank of Yamato River. Line Yama - 2 is
1200 III long and overlaps line YaIlla -1 with about 200
m. Line Yama - 3 is 940 m long and overlaps line
Yama-2 with about 500 m. Line Yal11a-4 starts where
line Yama - 3 ends and extends for about 1200 111. Line
Yama-5 is 2500 III long and starts where line Yama-4
ends. The Geological Survey of Japan recorded line
Yama -1, while the Laboratory of Urban Geosciences,
Osaka City University, Japan, recorded the lines frOlll
Yama-2 to Yama-5 (Table 1).
Reflection seismic data were collected under severe
logistical conditions caused by the lilllited access to
some places and the extreme noisy conditions char-
acterizing intensively urbanized parts of Osaka City.
Some of the seismic lines were reluctantly crooked in
order to use the available narrow space along the
Yamato River bank (Fig. 2). Moreover, shooting time
has to be precisely adjusted to avoid and l11inimize the
noise caused by the cultural activities, in general and
by the gigantic nearby railway network, in particular.
Choosing the suitable source for conducting the
seismic present survey was critical and difficult. Source
affects not only the frequency content of the data but
also the quantity of generated energy and the signal-
to-noise (SIN) ratio in the recorded data (Miller et al.,
1992). Explosive source u uallY results in the most sat-
isfactory seisl11ic signal. However, it was not possible
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Table I
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Recording information of seismic lines along the Yamato River.
Seismic line Yama-I Yama-2 Yama-3 Yama-4 Yama-S
Profile length 4300 m(4665) 1200 m(/3/5) 940 m(890) 1200 m(1/00) 2500 m(25/ 0)
StrataView RX60 StrataView RX60 McSEIS 16000 (OYO) McSEIS 16000 (OYO) McSEIS 16000 (OYO)
Recording system (Geometric) (Geometric)
Minivib T-2500 Minivib T-15000 Bison EWG-3 Bison EWG-3 Bison EWG-3
Source Sweep 10-100 Hz Sweep 10-100 Hz Acc. -weight-<!rap Acc.-weight-<!rop Acc.-weight-<!rop
Offset 30 m 10m 120 m 180m 250 In
Shot interval 10m 10m 10m 10m 10m
Channels 72 60 24 24 24
Geometry End-on End-on, Split spread Off-end Off-end Off-end
Sampling interval 1.0 ms 1.0 ms 1.0 ms 1.0 ms 1.0 illS
Record length 2.0 s 2.048 s 2.048 s 2.048 s 2.048 s
Low-cut 30 Hz Low-cut 30 Hz Low-cut 30 Hz Low-cut 30 Hz Low-cut 30 Hz
Pre-AID filters High-cut 300 Hz, High-cuI 300 Hz, High-cut 1000 Hz, High-cut lOOO Hz. High-cut 250 Hz,
Notch 60 Hz. Notch 60 Hz. Notch 60 Hz. Notch 60 Hz. Notch 60 Hz.
Geological Survey of Urban Geosci. Lab., Urban Geosci. Lab., Urban Geosci. Lab.. Urban Geosci. Lab.,
Owner Japan. Osaka City University Osaka Cit)' University Osaka City University Osaka City University
to use explosive source during the present study because
of the restriction to use such sources in the city area.
On the other hand, sledgehammer is the easiest and
safest source to use but it would not provide a good sig-
nal in a noisy environment (Miller et ai., 1986, 1992,
and 1994).
Three different sources were used to generate the
seismic signal in the study area (Table I). For seismic
line Yama-1, a Mini-Vibroseis (T-2500) with an up-
sweep from 10 to 100 Hz and sweep length of 10 s was
used to collect the seismic data. The seismic source
used in recording data of seismic line Yama-2 is a 3.5-
ton, T15000 Mini - Vibroseis. After several sweep pat-
terns were tested, an up-sweep from LO to 100 Hz with
a sweep time of 10 s was found adequate. For each
shot, the Mini - Vibroseis was fired three times, or more
when it was necessary, and the collected traces were
stacked to improve the SIN ratio in the raw data. The
seismic source used to collect the data of lines Yama-
3, Yama-4 and Yama-5 was a 200kg accelerated-
weight-drop that hits a 70x70x2.5 cm steel plate placed
on the ground. For each shot, the weight drop was fired
several ti mes and the collected data at each recei ver
were stacked together to increase the fold, attenuate
incoherent noise and hence to improve the SIN ratio in
the field records.
Along the five lines, the seismic reflection data
were collected using an array of six in-line geophones
to attenuate the airwave and to emphasize common
phase signal. The distance between each two succes-
sive geophones was 1.4 m producing a 10 m array inter-
val. This pattern was chosen following the formula sug-
gested by Verna and Roy (1970). A standard common-
mid -point (eMP) reflection method was applied along
the five seismic lines. The seismic data was recorded
along the line Yama-l using end-on geometry while a
combination of end-on and split-spread geometry was
used to collect the data along the line Yama - 2 because
it was difficult to get access to some locations along
this line. An off-end geometry method was used to col-
lect seismic data along lines Yama-3, Yama-4 and
Yama-5. Shot interval of a 10 meters and receiver
spacing of 10 m were used along the five seismic lines.
Source-receiver offset was varied along the seis-
mic lines. The offset ranged from 10 m in the seismic
line Yama-2 to as long as 250 m in line Yama-5. The
purpose of changing the offset along the seismic lines
is to estimate the optimum offset with which the seis-
mic signal will be separated from noise in the study area
(Pullan and Hunter, 1990). The seismic data of lines
Yama-l and Yama-2 were recorded using 72 and 60
channel StrataView RX 60 seismographs, respectively.
Whereas, a 16-bit analog-to-digital (AID), 24 channel
McSEIS -16000 seismograph was used to record seismic
data along lines Yama-3, Yama-4 and Yama-5. The
data were collected with 2048 samples per record at a
1.0 illS sampling interval, resulting in a 2.048 s record
length. A 30 Hz pre-AID low-cut filter was applied
to attenuate ground roll and other low frequency noise.
A pre-AID high-cut filters ranging from 250 Hz to
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1000 Hz were used to cut off high frequency jitter.
Because of the presence of high - power electric lines in
the study area, a 60 Hz notch filter was also used to
attenuate the interference of electrical appliance with the
recorded data along the fi ve seismic lines.
Figure (3) shows raw shot gathers from the five
seismic lines. Raw shot gathers from lines Yama -1 and
Yama - 2, acquired using minivib, are characterized by
strong and continuous reflections that reach beyond the
first second of the record. However, they are also dom-
inated by strong refracted energy, ground roll and air-
coupled waves. Shot gathers from lines Yama-3,
Yama-4 and Yama-S, acquired using weight-drop, are
characterized by strong shallow reflections with rela-
tively higher frequency than those of lines Yama -1 and
Yama - 2. However, no genuine good reflection can be
seen after the shallowest 0.5 second. Air-coupled
waves and ground roll are also present in the field
records with lower magnitude than in line Yama-l and
Yama-2. Records from line Yama-2 show the best sig-
nal-to-noise ratio among all the recorded seismic lines.
However, because the curvature of the seismic line in
this area causes decreasing of CMP fold, the stacked
data are expected to be of less quality.
3. Data processing
The object of seismic data processing is to convert
the raw data, recorded on disk media, into a seismic
section showing the disposition of seismic reflectors
along the seismic traverse line. In the following para-
graphs, a brief description of each processing step, the
parameters used in each process, the reason for choos-
ing these parameters and the effect of each processing
step on the seismic data are given.
3.1 Demultiplexing
Signals received from the detectors are digitized at
small increments of time known as sampling interval.
The sampling interval used in the present study is 1.0
ms. The raw seismic data are recorded in a multiplexed
format. While this format is convenient for recording
purposes, it is not so for processing. The first step is
to re-order, or to demultiplex, the data so that the series
of samples corresponding to each geophone are brought
together. Therefore, at the end of demultiplexing, a sep-
arate trace for each geophone at each shot point is
obtained.
3.2 Reformatting
Nowadays, a large-number of computer programs
is available for seismic data processing. Each program
has its unique characteristics and certain file format to
which data should be converted in order to allow the
software to interactively read, write and modify the seis-
mic data stored in this file. Most seismic processing
programs combine both demultiplexing and reformatting
in one step. All the seismic data from the five seismic
lines were converted from the demultiplexed SEG - Y
format to the Seismic UNIX (SU) format using the com-
mercial software Visual SUNT (Jenny et al., 2000).
3.3 Gathering
The next step is to gather the traces recorded from
a single shot into one record, which is called "common
shot gather". In the same manner, traces can also be
gathered as "common mid point gather" or "common
receiver gather", but common shot gather is the stan-
dard display of a seismic record in the first stages of
data processing.
3.4 Geometry input
Information about the locations and elevations of
the sources and geophones, offset, number of geophones
per shot, and other recording parameters given as inputs
to the header of the seismic data file. This information
is to be used later in other processes where geometrical
information is required. Consequently, geometrical data
are edited into the SU file header and checked using
geometrical layout maps.
3.5 Editing
Editing is cleaning the dataset of bad traces that
would otherwise degrade the quality of the remaining
data if used in subseq uent data processing. Data are
edited to remove dead traces, those with excessive noise
or those with monocyclic waveform caused by elec-
tronic interference. It is also used to reverse the polar-
ity of traces recorded the wrong way around. The pres-
ent data set was precisely edited mainly to remove those
traces with excessive noise and dead traces.
3.6 Gain recovery
The amplitude of the seismic signal arriving at a
geophone is affected by a number of decaying mecha-
nisms. Of the many mechanisms contributing to the
decay in amplitude of the seismic signals, the four main
are partial reflection or scattering, spherical divergence,
attenuation Joss, and amplitude distortion through fre-
quency loss. As the rate of energy loss can be calcu-
lated, it can be compensated for, by applying a gain
function to the data in order to restore the signal ampli-
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Fig. 3 Raw shot gathers of the five seismic lines forming the seismic section along the Yamato River.
tude with increasing two-way travel time (Lindseth,
1982). In the present data set, several gain recovery
tests were conducted and a time gate of 300 ms was
found adequate. Overlapping time gates were used to
calculate the amplitude-decaying curve in order to
reduce the interpolation. Moreover, several individual
analyses over many traces were averaged to achieve the
final gain curve that is then applied to the entire data
set.
3.7 Static correction
Static corrections are made to take into account the
effect of travel times of irregular topography and near-
surface velocity variations. Because the seismic lines
of the present survey were acquired over an almost per-
fectly flat area, the collected data needed only minor
static correction. The static correction was achieved by
aligning the first arrivals along a laterally interpolated
velocity function (Pugin and Pullan, 2000). This
method is most appropriate in areas where there is a rel-
atively thin low-velocity near surface layer, which is
the case in the Yamato River area, where the water table
is within less than a few meters below the ground sur-
face. Time shifts ranged from 0 to 15 ms, with an aver-
age of 5 I11S. This method was successful in correcting
most of the static shifts, however, some small time shifts
remained in large offset traces. These remain ing errors
are induced by uncertainties in the first break picking
due to the dominance of high frequency noise. The
remaining static shifts are treated by residual static cor-
rection in a later stage of data processing after normal
move-out (NMO) correction.
3.8 Frequency filtering
Selected shot gathers along the five seismic lines
were filtered with narrow successive various band-pass
filters and were displayed in a panel form to determine
the most suitable band - pass filter to be used. Moreover,
frequency spectral analyses were conducted, on several
portions of shot gathers along the seismic lines, in order
to understand the specific frequency characteristics of
signal and noise. The inspection of frequency panels
and frequency spectral analyses showed that the
ground-roll or surface waves are dominated by a nar-
row band of frequency centered between 10 and 15 Hz.
Guided waves are represented by wider band of low fre-
quencies between IS and 25 Hz. The frequency band
from 30 to 50 Hz dominates shallow reflections, while
electric interference noise is represented by high ampli-
tude 60 Hz. No signal can be seen in frequencies higher
than 60 Hz. The selected band-pass filter, 15-25-50-
60 Hz, is kept larger to avoid eliminating useful fre-
quencies. The slope of the high cut part of the filter is
kept gentle to avoid frequency aliasing (Yilmaz, 2000).
3.9 Muting
Direct and guided waves may erroneously stack in
the shallow part of the seismic section and lead to mis-
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interpretation of shallow seismic events (Steeples el al.,
1997; Buker el al., 1998). Precise and careful surgical
muting of direct and guided waves was applied to the
CMP gathers. Additional mute was applied after the
NMO correction to remove the effect of the NMO
stretching which is wavelet distortion that severely
affects shallow reflections at large offset traces (Yilmaz,
2000).
3.10 Deconvolution
Deconvolution is a process that improves the tem-
poral resolution of seismic data by compressing the
basic seismic wavelet. Deconvolution can also remove
a significant part of the multiple energy from the seis-
mic section. Ideally, deconvolution should compress the
wavelet components and eliminate multiples, leaving
only the earth's reflectivity in the seismic trace.
Deconvolution panels with different gates and operator
lengths were displayed in a panel form in order to select
the best deconvolution parameters to be used on the
present data set. Predictive deconvolution was per-
formed to improve the temporal resolution by suppress-
ing the multiples and collapsing the wavelet to as much
of a spike as possible. Tn a later stage, spiking decon-
volution with a prediction lag equal to the sampling rate
was effective in collapsing the wavelet into a spike,
while post-stack predictive deconvolution was also
applied to remove multiples from the stacked section.
3.11 f-k filtering
Events with a slow move-out velocity are typically
unwanted noise such as surface waves, guided waves
and side-scattered energy. In the TX domain, these
types of noise and signal cross one another and so it is
difficult to mute one entirely from the other. On the
other hand, slow move-out velocity is well separated
from the apparent velocity of deep reflections, so they
can be filtered, in a domain where they are well sepa-
rated from each other, namely thef-k or the frequency-
wavenumber domain. Because aliasing is a serious con-
cern in this process, it is better to apply f-k filtering on
the shot gathers rather than on the CMP gathers
(Reynolds, 1997). In the present study,f-k filtering was
applied on shot gathers to remove this noise. Only the
right half of the pass fan was kept to remove the spa-
tially aliased signals and back-scattered noise, which
form the left quadrant of the f-k space (Yilmaz, 2000).
An f- k fi Itering was successful in rejecti ng a major part
of the coherent noise such as guided waves and ground-
roll and also in revealing genuine reflections.
3.12 CMP sorting
All the previous processes are conducted on com-
mon shot gathers (i.e. each group of traces that are
recorded from one shot are kept together in one folder).
The next few processes need data to be sorted in a man-
ner that each group of traces that reflected from the
same CMP are collected in one folder. Converting seis-
mic data from common shot gathers into common-mid-
point gathers is called CMP sorting and is done using
the information of field geometry.
3.13 Velocity analysis
Regardless of the type or size of seismic survey,
velocity determination is the most critical part in seis-
mic data processing. Consequently, recent sophisticated
software usually use a combination of several methods
to assure the best estimation of the stacking velocities.
Tn the present study, stacking velocities were estimated
from integrated analyses of constant velocity gathers,
hyperbolic fitting, dynamic stack and semblance plots.
This combination of tools was very effective in deter-
mining the best stacking velocities. By interactively
modifying these velocities, the most coherent stack
could be obtained. The minor lateral velocity variation
allowed for a reliable determination of the optimum
stacking velocity for most of the seismic lines. Stacking
velocities range from less than 1400 m/s in the shal-
lowest part to more than 3200 m/s in the deepest part
of the seismic section, which is located below the deep-
est reflection event (Rashed el al., 2003). This veloc-
ity is estimated by linear extrapolation of the pickings
of velocity analysis because of the absence of genuine
reflections in this part of the seismic section.
3.14 Normal move-out correction
The velocity information estimated from velocity
analysis was used to correct reflections for the normal
move-out (NMO). Residual static correction was then
estimated from the NMO-corrected CMP gathers. After
applying the residual static correction, inverse NMO
correction was applied to the CMP gathers. Then, the
velocity analysis was performed once more. The pur-
pose of this procedure is to improve the results of the
velocity analysis and to get a more precise estimation
of the subsurface velocities by removing any remaining
statics from the CMP gathers before carrying out veloc-
ity analysis (Yilmaz, 2000).
3.15 Stacking
Once the events are flattened in the CMP gather,
it is possible to stack them by simple averaging of the
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traces within the same CMP gather. The seismic data
of the present study were stacked using the optimum-
offset weighted stacking technique (Rashed el al.,
2002). The opti mu m - offset weigh ted stacking method
was proved to remarkably enhance SIN ratio of the
seismic section acquired in urban areas.
3.16 Migration
Migration is a process for restoring the geometri-
cal relationships between seismic events on a time sec-
tion to take account of structural complexities and
steeply dipping events. Migration also collapses dif-
fraction hyperbola to their point of origin and conse-
quently clarifies seismic events that are associated with
discontinuities within interfaces such as fault planes
(Hatton et al., 1996).
The migration of the present data set was prob-
lematic because some of the processed seismic Jines,
such as Yama-4 and Yama-5, contain only horizontal
strata whereas others contain fault planes. Hence, all
the lines are to be compiled into one seismic section,
the processing flow of the five seismic lines should be
similar in order to achieve a good coherency along the
section. Accordingly, slight Kirchoff migration was
applied along the five seismic lines. Finally, the
processed seismic sections were compiled together, then
a slight trace mixing was applied to the time section to
enhance the coherency of the reflections near the line
connections.
4. Interpretation
The compilation of the seismic lines along the
Yamato River resulted in a considerably good time seis-
mic section except for the portion of line Yama-2 (Fig.
4). This may be attributed to the curvature of the seis-
mic line in this area that may lead to reduction of the
fold during the CMP-stacking process. The seismic
section shows reasonable homogeneity and lateral
coherence of reflections among the different segments.
A first look at the time section shows clearly the loca-
tions of the Suminoe flexure and the Uemachi fault at
horizontal distance markers 900 m and 4300 m, respec-
tively. The signature of the Uemachi fault and the
Suminoe flexure can also be recognized on the depth
section (Fig. 5) and on the smoothed interval seismic
velocity fields that was used in time-to-depth conver-
sion (Fig. 6).
Identification of the boundaries between strati-
graphic units is difficult because the subsurface succes-
sion consists mainly of alternations of sand and clay
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lay rs. However, the identifi ation f hallow trati-
graphi boundarie i carried out by rr lating the ei -
mic reflection, from seismic depth cUon, with the
a ailable borehole data. Moreover, ome w 11- known
geological and seismic characteri tic of some subsur-
fac units were helpful in identifying deep tratigraphic
boundarie .
On the eastern ide of the Uemachi fault, the non-
conformi ty b tween the Plio ene dim ntar ucce-
ion and the underlying Creta eou granitic ba ement i
identified in the ei mic section du t the ignificantly
weak r flection within the ba ment r ck compared to
the trong reflection characterizing the overlying sedi-
ment. Mol' over, the boundary i ry clo e to the
1400 m depth value that is detected in a boreh Ie nearby
(0 aka Pref cture Government, 2003). The basement
urface on the eastern edge of the ction jj at depth
of ] 250 rn and dips gently to the ast direction. The
ba ement- ediment boundary could n t be confidentl
det cted on the we tern id of th U ma hi fault
becau e of the weakne and irregularit of th reflec-
tion (Fig. 7).
The boundary between the middl 0 aka ubgroup
and the lower Osaka subgroup could not be correlated
with drilling data becau e it i deeper than th depth of
the boreholes. However, the boundary can be easily
detect d on ei mic ection b cau e of it specific char-
acteri tic. Below thi boundary, th trong ntinuou
reflec t ion of th e middle grou p t nd t di appear
(Yo hikawa et al., 1987). The depth to thi boundary
range from 800 m to 850 m on the ea t rn ide of the
emachi fault, wherea the am b undar curred at
a d pth of 900 meters on the w t rn ide of the
Sumino flexure.
The contact between the upp r and the middle
Osaka subgroups, as interpreted from the seismic sec-
tion, could not be correlated with the drilling data
becau e it lie deeper than all th drill d borehole.
Hower, thi contact is th ba e f the thi k marine
cla la er Ma 3. Thi layer i charact rized b it tr ng
and continuou seismic reflection and hence it has been
u ed a marker reflector in pr viou ei Inic tudie in
the 0 aka area (Inoue et al., 2000). Thi contact i sit-
uated at a depth of 400 m on the astern side of the
Uemachi fault, whereas it Ii at a depth f 500 m at
the western end of the seismic section.
The ba e of the terrace and alluvium d po it are
well id ntified from all boreholes, how vel', th ir reflec-
tion on th eismic section are di continuous and
uncI ar. Thi discontinuity ma b attribut d to the
int rf renc of strong refract d nergy with th hallow
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reflections. The thickness of this succession is about 50
m on the western side of the Uemachi fault and
decreases to less than 20 meters on the eastern side.
Structurally, both the Uemachi fault and Suminoe
flexure are well recognized on the seismic section.
However, faults with no clear breaks and no diffractions
are difficult to see on seismic sections. If the fault is
located within a zone with many reflections of about the
same appearance and quality, such as sand-clay
sequence, which is the case in the Yamato River area,
identifying one reflection from another becomes diffi-
cult (Coffeen, 1984). In this case, a sharp change in
the dip of several reflections that change slants across
the seismic section may indicate the fault plane loca-
tion.
Consequently, the Uemachi fault is well imaged on
the seismic section by the abrupt change in dip angle
of several successive reflections and by the sudden dis-
appearance of some strong continuous reflections near
the fault zone. The Uemachi fault plane appears on the
seismic section between 4000 and 5000 m on the hori-
zontal scale as a reverse fault that steeply dips to the
east with an angle of 75 to 80° in deeper sediments (Fig.
7). This dip angle and dip direction are consistent with
those estimated for the Uemachi fault plane about 15
km to the north of the study area (Rashed et at., 2002).
The location of the fault plane coincides also with the
abrupt change in the interval velocity fields that have
been estimated from the stacking velocity functions
(Fig. 6). However, the fault plane cannot be traced to
the surface because the reflections are disturbed and dis-
connected in the shallow part of the fault zone area. It
can be seen, however, that the underlying reverse fault
branches into a complex system of synthetic and anti-
thetic normal faults, as it extends upward.
The Suminoe flexure is also well imaged on the
seismic section by the abrupt change in the dip angle of
several successive reflections and by the disappearance
of some strong reflections near the flexure zone. The
flexure appears on the seismic section between 700 and
1300 m on the horizontal scale as a reverse fault that
steeply dips to the east with an angle of 70 to 75°m the
deeper sediments (Fig. 7).
5. Conclusions
Five seismic reflection survey lines are acquired
along the Yamato River and across the well- known
Uemachi fault system and the Suminoe flexure to study
the subsurface geology and to obtain a precise image of
the subsurface structures in this area. The seismic lines
were collected through a long period using different
seismic sources and acquisition parameters. As
expected in such a noisy environment, the quality of the
collected data was relatively poor. Unconventional data
processing flow is adapted to get as much information
as possible from the noisy shot records and to compile
the 5 seismic lines into a single uniform seismic sec-
tion. Surgical muting of unwanted noise and refrac-
tions, f-k filtering of shot-gathers, iterated velocity
analyses and optimum -offset weighted stacking were
effective in enhancing signal -to - noise ratio of the final
section.
The interpretation of the final seismic section
involves the correlation of borehole data from the
nearby drillings with the seismic depth section. It also
includes the correlation of velocity information from
this section with the geologic and geophysical informa-
tion from previous studies on the study area and its sur-
roundings. The locations of the Uemachi fault and the
Suminoe flexure are clearly confirmed from the seismic
section and interval velocity fields. The Uemachi fault
is imaged on the seismic section as a reverse fault that
dips to the east with an angle of 75 to 80°. Geometrical
layout and the dip angle of the fault are consistent with
the results of a previous seismic reflection survey con-
ducted across the fault plane, to the north of the study
area. The throw of the Uemachi fault increases gradu-
ally with depth, indicating repeated cycles of reactiva-
tion of the fault system. Moreover, several shallow nor-
mal fault planes are also detected on both the upthrown
side and the downthrown side of the Uemachi fault.
These results suggest a possible recent activity of the
Uemachi fault and should be the starting point for exten-
si ve detailed investigations for this large, probably
active fault system.
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